Speech reception threshold testing by bone conduction is very useful in diagnostic audiometry. However, there are little data regarding the CID W-1 spondee word lists used with the Radioear B-71 and B-72 and Pracitronic KH 70 bone conduction vibrators at higher presentation levels for testing hearing impaired clients. Data are 2 needed in order that results of speech reception thresholds using the CID W-1 word lists via these three bone conduction vibrators at higher intensity levels can be used confidently in the clinic. More data are available for speech reception thresholds using the CID W-1 word lists via earphones.
needed in order that results of speech reception thresholds using the CID W-1 word lists via these three bone conduction vibrators at higher intensity levels can be used confidently in the clinic. More data are available for speech reception thresholds using the CID W-1 word lists via earphones.
This study compared speech intelligibility presented via bone conduction at higher intensity levels to that presented via earphone at higher intensity levels.
Twelve normal hearing adults, with thresholds artificially elevated by binaural speech noise masking to simulate a hearing impairment, were used as subjects. Recorded CID W-1 spondee word lists were presented via four transducers: Radioear B-71, Radioear B-72, and Pracitronic KR 70 bone vibrators, and a TDH-39 earphone.
Investigation of each bone conduction vibrator was accomplished by using forehead placement and using binaural speech noise masking via earphones. Investigation of the earphone was accomplished by simultaneously presenting binaural speech stimuli and speech noise masking.
Spondees from the CID W-1 word lists were presented to the subject via a transducer. A bracketing technique was used to estimate the speech reception threshold. Using the intensity level of the predetermined SRT as 0 dB, each list was presented at one of the following levels: +4, +2, O, -2, -4, and -6.
Performance-intensity functions, the percentage of correctly identified spondees as a function of presentation level, were obtained for each transducer. The percentage of spondees correctly identified increased with the stimulus level for all transducers. 3 Using linear regression, the line of best fit was calculated for each subject's data under each transducer condition. A one way analysis of variance indicated that there was a significant difference in the slopes of the performance-intensity functions of the transducers. A follow-up test for the one way analysis of variance indicated that there was a signficant difference between the TDH-39 earphone and each of the bone conduction vibrators. There were no significant differences among the bone conduction vibrators.
Results of the study suggested that CID W-1 word lists and the 50 percent criterion may be inappropriate for use with these bone conduction vibrators at higher intensity levels. Given that there was a preponderance of data points below 50 percent for the bone vibrators, a criterion of less than 50 percent might be more appropriate. Because presentation levels might be elevated for sensorineural hearing impaired listeners, their SRT performances could be affected. Consequently, the results of speech reception threshold testing via bone conduction at higher intensity levels should be interpreted with caution in clinics. Merrell, Wolfe, and McLemore (1973) found that bone conducted speech reception thresholds can be used to detect and determine the amount of conductive hearing losses in young children. Bone conducted speech reception thresholds can also be obtained for children when valid pure tone results cannot be measured. Their study also showed that bone conducted speech reception thresholds are in good agreement with pure tone air conduction thresholds. Valente and Stark (1977) found that bone conduction speech audiometry can aid in testing young children for whom pure tone results are unobtainable or unsatisfactory. Bone conducted speech reception thresholds can provide useful information when analyzing pure tone and speech air-bone gaps and when diagnosing a sensorineural hearing loss from a conductive one in young children.
INTELLIGIBILITY OF SPONDEES
According to Goetzinger and Proud (1955) According to Stockdell (1974) , in adults there is a high correlation between bone conduction pure tone averages and speech reception thresholds. There is also a high correlation between air conduction pure tone averages and bone conduction speech reception thresholds. A high correlation also exists between air conduction speech reception thresholds and pure tone bone conduction thresholds.
Information given by bone conduction speech reception thresholds and pure tone thresholds can help predict the success of otosclerosis surgery. Robinson and Kasden (1970) (Egan, 1948) . The steeper the slope and the narrower the intensity range in which the listener responds, the more precisely the 50 percent criterion can be determined.
The spondees usually used for determining speech reception thresholds in adults are the Central Institute for the Deaf W-1 spondee word lists, compiled by Hirsh, Davis, Silverman, Reynolds, Eldert, and Benson (1952) . Even though the CID W-1 spondee word lists are commonly used for bone conduction speech reception thresholds, these lists were developed for speech via air conduction (Hirsh et al., 1952) . Test performance,via bone conduction is presumed to be the same as that via air conduction at all intensity levels. Dolan and Morris (1989) The purpose of this study is to determine if the spondee word lists are appropriate to use at high intensity levels with these three bone conduction vibrators. Performance-intensity functions for the Radioear B-71 and B-72 and Pracitronic KH 70 bone vibrators will be determined at intensity levels above the normal speech reception thresholds. The slopes of these performance-intensity functions will then be compared to the slope of the performance-intensity function for air conduction at higher intensity levels using the TDH-39
earphone. Testing at higher intensity levels for the bone conduction vibrators will be accomplished by testing normal hearing adults using forehead placement and using speech noise masking to both ears via earphones. The masking noise will simulate a hearing loss in the subjects by raising their threshold values to higher intensity levels. This will allow data to be obtained for performanceintensity functions at higher intensity levels.
CHAPTER II REVIEW OF THE LITERATURE SPEECH RECEPTION THRESHOLD
The term speech reception threshold was first used by Hughson and Thompson (1942) to describe the threshold of speech intelligibility because they felt that the latter term was too ambiguous.
According to Hudgins et al. (1947) , the speech stimuli used to determine speech reception threshold should possess the following characteristics:
(1) Familiarity: the words should be simple and familiar.
The words should only test speech reception threshold and not vocabulary or intelligence.
(2) Phonetic dissimilarity: the words should not rhyme or sound similar because they would require even finer discrimination abilities from the listener.
(3) Normal sampling of English speech sounds: the words should be representative of speech shoulds used in English.
(4) Homogeneity with respect to basic audibility: all words should be understood equally as well when they are spoken at a constant level. Homogeneity is important so that the percentage of correct responses heard will rise sharply from zero to 100 percent in a narrow intensity range.
Egan (1948) stated that in order for test lists to detect small changes in speech intelligibility and be convenient, the test words should be equally difficult. If a test word is always missed or is always understood correctly by a listener, it should be omitted (Egan, 1948) . If the test words are comparable in difficulty, then differences in listeners' scores will be due to the transducer that is used and not the word list (Egan, 1948) . spondees. Therefore, the SO percent criterion level of threshold was achieved at a lower dB intensity level when using spondee word lists (Hudgins et al., 1947) .
The spondee word lists used in the above study were from a phonograph record of Harvard's Psycho-Acoustic Laboratory Auditory
Test No. 9 (Hudgins et al., 1947) . Because of problems with word unfamiliarity and recording quality, modifications were made to the Auditory Test No. 9 by the Central Inst~tute for the Deaf (Hirsh et al., 19S2) . The new CID W-1 word lists were recorded on magnetic tape, met a stricter criteria for word familiarity, and possessed a more limited vocabulary (Hirsh et al., 19S2) . Consequently, the The Radioear B-72 produced the largest amount of acoustic radiation.
The Radioear B-71 and B-72 bone vibrators' amount of responsiveness at different frequencies was investigated by Richards and Frank (1982) . Frequency response curves consisted of three resonant peaks which declined in intensity level as the frequency was increased. Because of output voltage variations at 4000 Hz by the B-72 bone vibrator, the findings questioned the currently accepted tolerance levels for calibration (Richards & Frank, 1982) . 
PROCEDURES
For the experimental testing, each subject was seated in a sound-treated room. Instructions were read to the subject. During bone conduction testing, TDH-39 earphones were placed on the subject's ears and a bone vibrator was placed on the subject's forehead. In order to raise the subject's speech reception threshold by bone conduction, binaural speech noise masking was used during presentation of speech stimuli. The bone vibrators were coupled to the forehead with a force of 550 grams (ANSI, 1969) . During air conduction testing, TDH-39 earphones were placed on the subject's ears, and binaural speech noise masking was presented simultaneously with the binaural speech stimuli. The order of transducers was counterbalanced across subjects.
Spondees from the CID W-1 word lists were presented to the subject via a transducer. With the first randomly chosen word list, a bracketing technique was used to estimate the speech reception threshold (SRT). The bracketing technique consisted of presenting one spondee 8-10 dB above the subject's estimated SRT. If the subject responded correctly, a second spondee was presented at the same level. The subsequent presentations were attenuated in one dB steps with two spondees given at each level. When the subject missed one spondee, two more spondees were presented at the same level. The level where two out of four spondees were repeated correctly was then determined. This was considered the subject's estimated SRT. Then, using the intensity level of the pre-determined SRT as 0 dB, each list was presented at one of the following levels: +4, +2, O, -2, -4, and -6. The order of levels was randomized for each subject.
The number and percentage of correct responses were calculated for each subject.
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Unmasked bone conduction SRTs were also obtained for each bone conduction vibrator with each subject. This information allowed calculation of the dB amount that the threshold of speech intelligibility was raised for each bone conduction vibrator by the speech noise masking.
CHAPTER IV

RESULTS
Masking noise was presented binaurally to 12 subjects at 40 dB HL in order to simulate a hearing loss and thereby raise the SRT.
The amount of shift in SRT was determined for each listener by obtaining the estimated SRT in quiet and in noise and then subtracting the two estimates. The mean threshold shifts are given in Table I . The mean shift in SRT was greatest for the TDH-39 earphone (36.5 dB) and the mean shift in SRT was smallest for the Pracitronic KH 70 bone vibrator (23 dB). Note: The amount of shift in SRT was determined for each listener by obtaining the estimated SRT in quiet and in noise and then subtracting the two estimates (n = 12). Relative Level, dB Relative Level, dB Figure 3 . Lines of best fit for equalized group data for four transducers. The ordinate is the percentage of spondees correctly identified and the abscissa is the equalized (see text) presentation level, in dB. Tables III and IV show the results of the analysis. The results indicated that there was a significant difference between the slope of the function for the TDH-39 earphone and for each of the bone conduction vibrators at higher intensity levels. Of the three bone conduction vibrators, the performance-intensity function for the Radioear B-71 demonstrated the steepest slope. However, the results of the one way analysis of variance revealed no significant difference among the slopes for the three bone vibrators.
According to Hirsh et al. (1952) , the performance-intensity function, when using CID W-1 word lists, should rise at a rate of 8 percent per dB in an intensity range of 8 dB. The steeper the slope and the narrower the intensity range between intelligibility and nonintelligibility of the word, the more accurately the SRT can be determined. The results of this study indicated that the slopes of the functions for the Radioear B-71, B-72, and Pracitronic KH 70 bone conduction vibrators rose at a lower than desirable rate at higher intensity levels.
A possible explanation for the lower slopes could be distortion.
Output distortion at higher intensity levels for bone conduction vibrators has been demonstrated by Bary and Gaddis (1978) . A majority of subjects in the present study (62 percent) thought that speech was clearer and easier to understand through the earphone.
The Radioear B-71 bone vibrator was judged to provide the clearest speech by 23 percent of the subjects, while each of the other bone vibrators was preferred by only 8 percent of the subjects.
The results of this study suggest that the CID W-1 word lists and the 50 percent criterion might be inappropriate for use with these bone vibrators at higher intensity levels. Given that there was a preponderance of data points below 50 percent for the bone vibrators, a criterion of less than 50 percent might be more appropriate. Because presentation levels might be elevated for sensorineural hearing impaired listeners, their SRT performances could be affected. Consequently, the results of speech reception threshold testing via bone conduction at higher intensity levels should be interpreted with caution in clinics.
These findings, performed at higher intensity levels, differ from those of Dolan and Morris (1989) . Their study compared the intelligibility of speech presented via bone conduction to that presented via earphone at low intensity levels. The results of their study suggested that the CID W-1 word lists are appropriate to use with the Radioear B-72 and the Pracitronic KH 70 bone conduction vibrators at low intensity levels. Also, the mean slope for the earphone was slightly steeper than that in the findings of Dolan and Morris (1989) . An explanation could be that the masking noise in the present study caused the subjects to focus on the task and thereby improve their performances.
To determine effects of distortion on speech intelligibility, this study should be repeated using other types of bone conduction vibrators, such as the Oticon A 20, so that their performanceintensity functions can be compared to that of the TDH-39 earphone.
